Insect mandibular glands are exocrine organs that produce chemical substances known as pheromones that play an important role in intra-specific communication of insects. The mandibular glands of Apis mellifera, which are more highly developed in queens than in workers, present caste-specific polymorphism which seems to be regulated by the juvenile hormone (JH). These glands develop at the pupation stage, during which the titer of JH is higher in queens. In spite of this observation, application recounted here of juvenile hormone on 5th-instar workers' larvae of Apis mellifera did not produce a significant effect on the size of the mandibular glands. Therefore, we may conclude that the response of insect organs to the exogenous application of JH varies according to the type of organ, its developmental program, and its developmental stage, as well as to the amount of hormone applied.
INTRODUCTION
The mandibular glands of Apis mellifera are exocrine glands responsible for the production of pheromones, which play a direct role in communication among members of the colony. The mandibular glands arise during pupation (Cruz-Landim & Melo, 1967) and, therefore, their development is directly or indirectly under the effect of the juvenile hormone (JH) .
These glands present different sizes and functions in workers and queens of A. mellifera, being larger in the queens (Snodgrass, 1956; Cruz-Landim, 1967; Gracioli & Silva de Moraes, 2002a) . The mandibular glands are paired organs located at the proximal portion of the mandibles. The excretory orifice of these glands can be found at the internal face of the membrane that joins the mandible to the head, thus serving to spread the secretion into the spatular region of the mandible.
Under the light microscope, the mandibular glands of A. mellifera appear as sac-shaped structures, presenting an epithelium of flattened cells that delimits a central reservoir (Vallet et al., 1991; Lensky & Cassier, 1995) . The epithelial cells are classified as Class III glandular cells (Noirot & Quennedey, 1991; Quennedey, 1998) .
The juvenile hormone (JH) is produced by the corpora allata and acts morphogenetically, thus influencing larval development and the general metabolism of the adult insect. Rachinsky et al. (1990) compared the differences in the JH levels among honeybee castes. A caste-specific difference in the hormonal level was noted at two developmental moments: 1) the peak in the titer of JH occurring in queens at the beginning of the 5th larval instar (last larval instar) that is much higher than it is in workers, a difference which diminishes progressively until the cocoon-spinning stage, but remains slightly higher in the queens; 2) the peak in the titer of JH that is observed for both castes at the pre-pupae stage; during this peak, the JH level is still higher in queens than it is in workers but not as high as the previous peak. This increase of JH level probably serves to regulate the pupal molt. Afterwards, the JH titer decreases abruptly in both castes, disappearing at the stage of white-eyed pupae. Rachinsky & Engels (1995) suggested that the peak in JH titer that corresponds to the beginning of the 5th instar of the queen larva occurs about two days prior to the appearance of the first evident physical signs of the future queen.
In the adult, the JH level also varies according to the needs of the insect (Akamatsu et al., 1975; Hartfelder & Engels, 1998) . This variation promotes the general control of metabolism, caste polymorphism, reproduction, age polyethism, physiology, and also influences the ovarian activity of the females (Akamatsu et al., 1975; Nóvak, 1975; Rembold, 1976; Noirot, 1977; Bonetti et al., 1994) . The juvenile hormone has a general trophic action similar to that of the growth hormone secreted by the hypophysis of vertebrates.
In honeybees, only JH III is found during all three developmental stages (larva, pupa, and adult). The JH I might be detected in limited amounts while JH II is completely absent from all developmental stages of these bees (Hagenguth & Rembold, 1978) . Huang et al. (1991) showed that the differences in the JH titers in honeybees depend on the age of the individual and the synthesis of this hormone by the corpora allata. Later, Robinson et al. (1991) , Huang et al. (1991) , , and Vallet et al. (1991) claimed that a relationship exists between the behavioral development of bees and their age and JH. titer.
That JH affects the division of labor in bees has also been verified. In young bees involved in tasks inside the nest, lower titers of JH have been found (Fluri et al., 1982) than those of bees that perform tasks outside the nest, such as foraging (Robinson et al., 1989; Plettner et al., 1997) . showed that the Dufour gland is inactive in nurse workers and attributed this to the low titer of juvenile hormone found in the hemolymph of the bee, as well as to the direct contact between worker and queen. The Dufour gland is more developed in egg-laying queens and forager bees, individuals that show high JH titers.
An experiment consisting of JH topical application on last-instar larvae of honeybees resulted in increased development of the Dufour gland in newly emerged workers; the opposite effect was observed for the Koschewnikow gland, which had its cellular area reduced . noted that the physical characteristics of the Dufour gland were indicative of precocious maturation in adults of A. mellifera that received JH topical application. On the other hand, Muller & Hepburn (1994) observed no effect on the wax production rate of the same bee receiving a similar treatment, thus indicating that the hormone did not alter glandular activity.
The object of this work was to verify whether or not there is an alteration of the regular pattern of glandular development of the mandibular gland in response to an increase of JH level in workers' larvae of Apis mellifera.
MATERIALS AND METHODS
The 5th instar workers' larvae of Africanized Apis mellifera L were obtained from a single oviposition of the same queen from a colony maintained at the apiary of the Departamento de Biologia of the Universidade Estadual Paulista (UNESP, at Rio Claro Campus, São Paulo State, Brazil).
A comb containing individuals of the 5th larval instar was collected and divided into six smaller pieces (F 1 , F 2 , F 3 , F 4 , F 5 , and F 6 ); individuals in each of these comb pieces received a different treatment, as described below.
Experiment 1: F 1 = control group (C), F 2 = larvae treated with the topical application of 1 µl of acetone (AT), and F 3 = larvae treated with the topical application of 1 µg of JH III (Sigma) diluted in 1 µl of acetone (JHT).
The larvae continued their development in an incubator with controlled temperature and humidity, as suggested by Salles (2002) .
The adult bees were collected right after emergence, at which time the mandibular gland is completely developed. The mandibular glands of each individual were dissected and histologically processed following standard procedures. Sequential sections of 5 µm each were obtained for each pair of glands and arranged on histological slides. The slides were then stained with hematoxylin and eosin (HE). The areas of 90 median sections of glands from individuals of each of the three groups mentioned were measured, making totaling 270 median glandular areas measured.
Experiment 2: F 4 = control group (C), F 5 = larvae treated with a topical application of 1 µl of hexane (HT), and F 6 = larvae treated with the topical application of 1 µg of JH III (Sigma) diluted in 1 µl of hexane (JHT).
After treating the larvae, the combs were placed in an incubator with controlled temperature and humidity, as suggested by Salles (2002) . Insect development continued until the emergence of the adult workers, which were then collected, and their mandibular glands dissected and fixed in Bouin mixture.
The area of 60 glands from each group was measured, totaling 180 measurements. As the measuring parameter for this experiment we used the convex surface area, which is the glandular face in front of the compound eye.
The gland areas obtained in experiments 1 and 2 were measured using Manager-IMPACT (Graphic Applications) adapted to an Axioskop (Zeiss) light microscope with an Axiohome system. The area values obtained (µm 2 ) for each group of each experiment were statistically compared through an analysis of variance and a Tukey test.
RESULTS
For experiment 1, the analysis of variance detected a significant difference (p < 0.05) among the groups, with p = 0.00034 and F = 8.23. The Tukey test detected significant differences among the groups JHT and AT and between AT and C. The coefficients of variation of the groups were 35% for C, 28% for AT, and 29% for JHT. Therefore, we conclude that the samples present a representative and reliable dispersion pattern (< 50%) ( Table 1) .
In experiment 2, no significant differences were observed among the groups since the mean areas of the groups were very similar. The values of the coefficient of variation were very low, thus indicating uniformity in distribution of the samples for each group. The coefficients of variation for each group were: 12% for group C, 16% for group HT, and 20% for group JHT (Table 2) .
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DISCUSSION
As pointed out in the introduction, the mandibular glands of queens of Apis mellifera are much larger than those of workers and JH action, which is present in higher levels in queens, accounts for this caste differentiation. Our hypothesis was that extra doses of the hormone applied to workers' larvae would stimulate glandular development similar to that seen in the mandibular glands of queens.
Nevertheless, the experimental application of JH on 5th instar larvae of A. mellifera did not produce a statistically significant effect on the size of workers' mandibular glands. In Experiment 1 we observed that acetone apparently inhibits glandular growth and could be counteracting the JH effect. Therefore, we decided to substitute that solvent by hexane in the next experiment. In Experiment 2 we observed that the extra JH dose also did not affect the final size of the mandibular gland.
The lack of an effect of JH application on the differentiation of workers' mandibular glands has two possible explanations:
1. The JH volume used was not sufficient to provoke an alteration in the developmental pattern of the gland. 2. The mandibular gland is not susceptive to JH at the stage during which the hormone was applied. In other words, the expression of the genes that will determine the physical characters of a queen or worker is turned on before the 5th instar.
The second alternative seems the most likely, since the dosage of the hormone used in this work has proved effective in similar experiments with honeybees (Liu, 1989; Bonetti et al., 1994; Paes de Oliveira & Cruz-Landim, 2001 ). Considering that the hormonal dose applied was insufficient, we may conclude that the response of the different organs of the bee to the exogenous application of JH might vary according to the time of application, the type and amount of hormone used, and also to the initial developmental program of the organ under study. These observations have been verified by several other authors Gracioli & Silva de Moraes, 2002b; Nocelli et al., 2002) . 
